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i l lusions and by the fact that we can 
resolve retinal images that are smaller 
than the wavelength of l ight--an apparent 
physical  impossibi l i ty~ 
The hierarchical  archi tecture of the 
functional anatomy of the retina and 
other areas of the visual  system wil l  be 
discussed. Our relat ively poor texture 
d iscr iminat ion abi l i ty wi l l  be demon- 
strated, the development of natural  cam- 
ouf lage being an obvious example. 
There is no theoret ical  physical  
l imit to the level of complexity of the 
machines we can build, and soon there 
wil l  be texture and image analysers 
that wi l l  be more powerful  (in this 
respect:) than our own brains. We wil l  
not be able to conceptual ise the answers 
that they give us, but this wi l l  not 
matter because these numerical  results 
wil l  be ent irely object ive and wi l l  free 
us from the subject ive and highly syn- 
thetic act ion of our own sensory systems. 
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The basis for the present ly  used 
theory of image formation in an electron 
microscope (EM), culminat ing in transfer 
theory, is the non-re lat iv is t ic  
Schr6dinger  wave equation. This theory, 
as developed by glaser as early as 1952, 
is also widely used in case the acceler-  
ation voltage is larger than, say, 75 kV, 
in which case re lat iv ist ic  "corrections" 
become important. The di f ference between 
the re lat iv ist ic  and c lassical  velocity 
is then already 10% of the classical  
velocity, and becomes even 25% for 2OOKV 
electrons. It is common bel ief  that the 
re lat iv ist ic  theory of image formation 
can be deduced from the nonre lat iv ist ic  
theory replacing the rest mass m O of the 
electron by its re lat iv ist ic  value 
2 
mo(l  _ ~) -1 /2 ,  
c 
viz. The calculat ion of the aberrat ion 
coeff ic ients starts from the nonrelat iv-  
istic integrals der ived by Glaser, 
which are modi f ied by the replacement 
2 
mo ÷ mo(l _ ~) - i /2  
c 
The val id i ty of this replacement is 
unfortunately  not easi ly made plausible 
by heur ist ic  argument, start ing from 
the appropr iate relat iv ist ic  wave 
equation of Dirac, which leads the 
authors to a full invest igat ion of the 
relat iv ist ic  theory of image formation. 
We wil l  present the results of our cal- 
culations in a non-technical  way and 
show the surpr is ing val id i ty of the 
replacement 
2 v__)-i/2 
m o ÷ mo(l - c2 
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Noise is the major problem in the 
interpretat ion of electron microscopical  
images of b io logical  macromolecules.  
The radiat ion-sens i t ive molecules rap- 
idly dis integrate during the electron 
radiat ion exposure needed to register 
an image with a suff ic ient ly high 
s ignal - to-noise ratio for direct visual 
interpretation. The alternat ive is to 
register a very large number of indiv- 
idual molecular  images using a low 
electron exposure and to average the 
very noisy individual images to in- 
crease the s ignal - to-noise ratio. 
Averaging techniques for molecules 
arranged in regular arrays, or ig inal ly  
proposed by Klug and co-workers I, led 
to impressive results in the case of 
the purple membrane. 2 Techniques to 
align and average single molecular  
images were developed later, mainly by 
Frank and co-workers. 3 In contrast to 
molecules arranged in crystals, single 
molecules are not kept in a fixed posi- 
tion by their neighbors and hence they 
exhibit  a great or ientat ional  freedom 
in the electron microscopical  prepara- 
tion. This or ientat ion freedom has to 
be taken into account prior to the 
averaging. 
E igenvector  eigenvalue analysis 
methods were introduced to this field 
of research ~ in the form of correspond- 
